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WHAT IS CLAIMED IS: 

jnesostructured material having tubular 
mesopores, -the mes&s4^uctured material being arranged 
on a polymeric surface constituted of a polymeric 
compound, wherein the tubular mesop? 
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2*. The mesostructured/m^teyi^I according to claim 
1 containing silicon. 



he mesostructured material according to claim 



1 or 2< 




chains of the polymeric 

direction 

parallel to the surface. 



compound are oriented 




4. „ The mesostructured^m^terial according to claim 
3, wherein the firs^direction and the second direction 
ire different/ffom each other, 

5. The mesostructui/ed joa^tfirial according to claim 
4 wherein the first di^ectic/n ^rhd the second direction 
are substantially orthrfgonai^Seach other* 
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76. The mesostructured matepAaTaccording to claim 
3, /wherein the polymerie^urface is constituted of a 
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The mesostructured material according -to claim 
l^j^herein rh^polymeric surface lias been rubbed in a 
prescribed directxi 



8. The mesostructured material according - to~clai~nr 
y^^erein -the prescribed direction, is the same 
direction as the first direction* 
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9. The mesostructured material according to claim 
l f wherein the polymeric surface contains at least one 
^polymer selected from the group consisting of 
polyethylene, nylon, polyhtitylene terephthalate, 
polyethylene^ terephthalatfe, polyester , polyimide and 
parylene polyparaxylilene . 



10. The mesostructured 
claim 9 , wherein th«£ polymer 
polyOpPt^de^ 




al according to 
rface contains 



20 11. The mesfostructured material according to 

claim^^herein/ the polymeric surface is constituted 
of a polymeric fjilm arranged on a substrate, and the 
mesostructured material is formed on a free surface of 
the polymeric film. 



12 . The mesostructurea material according to 
claim 11, ^wherein the substpate/material is made of a 
glass. X / 



A mesostructured silica arranged on a ~ po lyrrfer 
material ^ur face, in which chains of the polymer 
material arevpriented to a first direction parallel to 
the polymer material surface, having tubular mesopores, 
wherein the tubular mesopores are oriented to a second 
direction nearly perpendicular to the first direction, 
and the oriented tubulaiv mesopores are formed on the 
polymer material surface by. locating silica outside of 



an oriented rod^like aurfactanf micelle structure of 
which orientation is determined by parallel 
accommodation of molecules of the siirfactant on the 
chains of the polymer material through chemical 
interaction , 



14. The/ mesostructured silica according to claim 
13,/^ wherein/ the surfactant is a cationic surfactant or 
nonionic ^surfactant* 



The mesostructured silica according to claim 
14/ wherein the cationic surfactant is a quaternary 
/alkylammonium salt- 



# 
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The mesostrvctured silica according to claim 
wherein the quaternary alkylammonium is represented 
following Structural formula: 



R 4 - N* - R 2 



whereii/ R t to R 3 are independently a methyl group or 
ethyl /group and R 4 is a CIO to CI 8 straight chained 
alkyl group* 



16. 



17. The mesostructured silica according to claim 
irh^rein the R 4 is a C12 to CI 6 straight chained 



.8 



The 



14, 



mesostructured silica according to claim 
;erein the nonionic surfactant is an alkylamine or 
surfactant containing polyethylene oxide as a 



hydrophilic group , 



The mesostructured silica according to claim 
whereih the polymer material surface is comprised 
of a LangmuYr-Blodgett film. 




^O. The\ mesostructured silica according to claim 
13^ wherein the polymer material is at least one 



polymer selected from *th& group consisting of 
polyethylene , nylon, p^lybutylene terephthalate, 
polyethylene terephthalate, polyester , polyimide and 
parylene polyparaxmilene . 



21. The mesfostructured silica according to claim' 
20, wherein the/polymer material is polyimide. 
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22. The^ mesostructured silica according to claira-^ 
13 , wherein /the mesopores are hollow . 



15 



23, 



The^mesostructured materials according to 
claim wherein the polymer material surface is 
constitiyted of a film of the polymer material, the film 
being arranged on a substrate, and the substrate is 
made off silicon oxide* 



24. A process for /orming a mesostructured 
material having tubular/ mesopores comprising steps of: 
20 (i) providing a dblytnertSv surface subjected to an 

alignment control treatment:; arra 

(ii) bringing t/he polymeric surface into contact 
with a solution containing \^a surfactant and an 
aikoxide, hydrolyzing the alkoxide and forming the 
25 mesostructured material on the surface. 
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25 • The process according to yfclaim ^24^vmerein 
-the step (i) comprises the suh-stejp of rubbing a 
polymeric surface as the alignmen/t control treatment, 



26. The process according /to claim 24v-^7herein - 



the step (i) comprises a sub-stfep of providing a 
polymeric surface constituted of a Langmuir-Blodgett 
film. 
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27. The process according to. any one of claims 2 
to 26, wherein the step includes a step of 

immersing the polymeric surface into the solution* 



28. The process aecor 
to 26, wherein the polvmeric 
one polymer selected from the 
polyethylene , nylon , polybut\ 
polyethylene terephtnalate, 
parylene polyparaxy 1 i lene - 



ng to any one of claims 24 
sur£ape contains at leas> 

group] consisting of 
lene/terephthalate, 

yester, polyimide and 



29. The process according to claim 28, wherein 
the polymeric surface contains polyimide. ' 



30. 



The process according to claim 24 / further 



25 comprising a step bf removing the surfactant within the 
mesopores and hollowing the mesopores. 



31- The process according^/to claim ^30^- wherein 
the step of removing -the surfactant within the 
mesopores includes calcinirfg the mesostructured 
material resulting from ythe step ( ii ) - 



32. The process 
the step of removing 



/according to claim 30, .wherein 



the 



surfactant withip the 
mesopores includes extracting the surfactant within the 
mesopores with a solvent from the mesostructured 
material resulting/ from the step ( ii ) 

33. The process accoi ding^to claim 30,. wherein 
the step of removing the surfactaiyt withirr the 
mesopores includes extracting J^le surfactant within the 
mesopores with /a critical -fluid from the mesostructured 
material resuj/ting from the step (ii). 



34. A process for forming a mesostructured silica 
having tubular mesopores comprising the steps of: 

(i) providing a polymer material surface in which 
chains of tpe polymer material are oriented to a first 
direction riarallel to the polymer material surface; and 

(ii) i brining a mesostructured silica having 
tubular mesopores on the polymeric surface, the 
mesopores lj>eing filled with a surfactant and oriented 

pcond direction nearly perpendicular to the 
by forming an oriented rod-like 



towards a s 
first direc 



second 
cfcij^n, 



surfactant micelle structure outside of which silica 
locates on the polymer material surface, the 
orientation of the rod-like /Surfactant micelle 
structure feeing determined/ by parallel accommodation < 



molecules of the surfactant on the chains of the 
polymer* material through/ chemical interaction. 



35. The process according to claim 34 , wherein 
the surfactant is a c^t ionic surfactant/ or/nonionic 
surfactant - 



36 ♦ The process acco 
the cationic surfaqftant is 
salt. 



:rdin*Kto claim 35, wherein 
a quaxemary alkylammonium 



37- The process according to claim 36, wherein 
the quaternary a^lkyl ammonium is represented l^y the 
following structural formula: 

I 

R 4 - N~ - R 2 



wherein R x to R 3 are independently a methyl group or 



ethyl group 
alkyl group. 



and R 4 is a CIO to C18 straight chained 
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38. The process accord in^to claim 37^herein R 4 
is a C12 to C16 straight alkyl group. 



39 



The process according to claim 35, wKerein 



7- 



the nonionic surf actant /is an alkylaraine -Or a 
surfactant containing $t polyethylene oxide as a 
hy dr ophi lie group . 
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40. The process according to claim 34, wherein 
the step (i) is a step of providing a Lap^muir-Blodgett 
film of a polymer compound on a prescribed substrate. 



41. The process according 
to 40, wherein the polymei 
polymer selected from the 
polyethylene, nylon, pol 




any one of claims 34 
material is at least a 
grou$ consisting of 
ty 1 ene t er epht ha 1 ate , 



polyethylene terephthalate, polyester, polyimide and 
parylene polyparaxylilene . 
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42* Th£ process according to claim 41, wherein 
the polymer material is polyimide. 



43- The process according to claim 34, /wherein 
the step (i/i) is a step of hydrolyzing an ^alkoxysilane 
25 while the surface of -the polymeric compound is in 

contact wi-^h a solution containing a surfactant and the 
alkoxysilaite . 
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44* The process according to claim^3^^f urther 
comprising a s"tep of removing -the surfactant: in the 
mesopores * 



45. The process Recording -to claim 4 rein" 
•the surfactant is renpved by calcining "the 
mesostructured siliq^ obtained in the step (ii) 




46- The process according t$& claim 44, wherein 
the surfactant is /removed |fronr*" mesostructur^'d material 
obtained in the strep (ii) by extracting with a solvent, 
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47. The propess according to claim 44, wherein 
the surfactant is 
material obtained 
extraction* \^ 



removed from the mesostructured 
in the step ( ii ) by critical fluid 




4Ss^ A mesostructured material having tubular 
mesopores, N^he mesostructured material being arranged 
on a polymer icSsur face, wherein the tubular mesopores 
are oriented towards a prescribed direction parallel to 
the surface, the direction is determined by a direction 
o£ a rubbing treatment orNfche polymeric surface. 



25 49 . The mesostructured material according to 

claim 48, wherein the rubbing direction is identical 
with the prescribed direction. 
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A mesostructured material having tubular 
mesopor^ , the mesostructured material being arranged 
on a polyrd^ric surface constituted of a polymeric 
compound, wrierein the tubular mesopores are oriented 



towards a prescribed direction parallel ~to"the -sur face, 
and the direction is determined by an orientation 
direction of the ptolymeric compound 1 s polymer chain* 



51. The mesostructured material according to 
10 claim 50, wherein the direction of the polymer chains 1 
orientation and the prescribed direction are different 
from e^ch other. 

52* mesostructured material according to 

15 claim 51, /wherein -the direction of\the molecular 

chains 1 /orientation and the prescriB^d direction are 
orthogonal each other . 
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53 - A process for controlling an orientation of 
tubular mesopores of a mesostructured material 
comprising the step of hydrolyzing an alkoxide while a 
polymeric surface whidn has been rubbed , is in contact 



with a solution cont^inii 
alkoxide - 



surfactant and the 



54 ♦ A process foir controlling an orientation of 
tubular mesopores of a mesostructured material 



comprising a step of hydrolvzing an alJcoxide while a 
polymeric surface constitut/ec^-ofa polymeric compound 
whose polymer chains have beerif oriented towards a 
prescribed direction parallel the polymeric surface, 
is in contact with a solution containing a surfactant 
and the alkoxide- 



